We present measurements of the neutron-capture elements Rb and Pb for bright giants in the globular clusters M4 and M5. The clusters are of similar metallicity ([Fe/H] ≃ −1.2) but M4 is decidedly s-process enriched relative to M5: [Ba/Fe] = +0.6 for M4 but 0.0 for M5. The Rb and Pb abundances were derived by comparing synthetic spectra with high-resolution, high signal-to-noise ratio spectra obtained with MIKE on the Magellan telescope. Abundances of Y, Zr, La, and Eu were also obtained. In M4, the mean abundances from 12 giants are [Pb/Fe] and [Rb/X] for X = Y, Zr, La are constant from star-to-star in each cluster and none of these ratios are correlated with O or Na abundances. While M4 has a higher Rb abundance than M5, the ratios [Rb/X] are similar in both clusters indicating that the nature of the s-products are very similar for each cluster but the gas from which M4's stars formed had a higher concentration of these products.
Introduction
Globular clusters continue to provide a source of fascination and frustration to both theorists and observers. Two notable accomplishments include the use of globular clusters to (a) check the age of the Universe (e.g., Gratton et al. 2003) and to (b) test and refine our understanding of stellar evolution (e.g., Renzini & Fusi Pecci 1988) . Despite these successes, globular clusters continue to present bewildering puzzles. The most persistent puzzle relates to chemical composition.
For many years, globular clusters have been known to exhibit star-to-star abundance variations for the light elements C, N, O, Na, Mg, and Al (e.g., see reviews by Smith 1987 , Kraft 1994 . While the amplitude of the star-to-star abundance dispersion can vary from cluster to cluster, the now familiar anticorrelations between C and N, O and Na, and Mg and Al reveal that the abundance variations are likely produced during hydrogen burning at high temperatures via the CNO, Ne-Na, and Mg-Al cycles. (The O-Na and Mg-Al anticorrelations are not seen in field stars.) However, the stars responsible for the nucleosynthesis and the nature of the pollution mechanism(s) remain poorly understood (see Lattanzio & Tout 2006 for a recent summary).
One possible explanation for the observed abundance anomalies is internal mixing and nucleosynthesis (e.g., Sweigart & Mengel 1979; Charbonnel 1995) within the present cluster members, the so-called evolutionary scenario. The systematic variation of the C and N (Suntzeff & Smith 1991) and Li (Grundahl et al. 2002) abundances with luminosity along similar metallicity but with distinctly different levels of s-process products. The quintessential r-process element Eu has similar abundances in the two clusters and, indeed, across the collection of Galactic globular clusters. In sharp contrast, the s-process products are more evident in M4 than in M5 and other clusters of similar metallicity: [Ba/Fe] is about +0.6 in M4 but 0.0 in M5. The questions -Are there differences in the Rb and Pb abundances between this pair of clusters? and Are the star-to-star variations in the abundances of light elements (O, Na, Mg, and Al) reflected in variations among the abundances of Rb and Pb? -seem likely to probe the origins of the s-and r-process products for globular clusters.
Due to a critical branching point in the s-process path at 85 Kr, the abundance of Rb relative to Sr, Y, or Zr can differ by a factor of 10 depending upon the neutron density at the s-process site. In the case of AGB stars, the neutron density in the He-shell is dependent on the stellar mass (e.g., see Tomkin & Lambert 1983 , Lambert et al. 1995 , Busso et al. 1999 , and Abia et al. 2001 for further details). Since the isotopes of Pb and Bi are the last stable nuclei on the s-process path, the s-process terminates at these elements and overabundances of Pb and Bi will arise if seed nuclei are shuffled by neutron captures down the entire sprocess path. In particular, metal-poor AGB stars may produce large overabundances of Pb and Bi if the neutron supply per seed exceeds a critical value (e.g., see Goriely & Siess 2001 for further details). The suspicion is that the star-to-star abundance variations for light elements are due to contamination by IM-AGBs. Some contend that IM-AGBs also synthesize s-process nuclides and then one might expect to see star-to-star variations in the Rb and Pb abundances as well as correlations with light element abundances.
To further examine the possible role of IM-AGBs in the chemical evolution of globular clusters, Yong et al. (2006b) measured Rb and Pb in NGC 6752 and M13, the two clusters that exhibit the largest amplitude for Al variations. It was found that the abundance ratios [Rb/Zr] and [Pb/Fe] were constant from star-to-star within the measurement uncertainties. If IM-AGBs do synthesize Rb and Pb, then they may not be responsible for the abundance variations. On the other hand, if IM-AGBs are responsible for the abundance variations, they cannot synthesize Rb or Pb.
In this paper, we extend the measurements of Rb and Pb to the globular clusters M4 and M5. While these clusters are more metal-rich than NGC 6752 or M13, both M4 and M5 are known to exhibit large dispersions and correlations for the light element abundances [see pioneering studies on CN bimodality by Norris (1981) and Smith & Norris (1983) as well as recent high-resolution spectroscopic studies by Ivans et al. (1999 Ivans et al. ( , 2001 , Ramírez & Cohen (2003) , and references therein]. In particular, as noted above, M4 is remarkably, perhaps uniquely among globular clusters, enriched in s-process products.
Observations and data reduction
The targets included 12 stars in M4 previously studied by Ivans et al. (1999) and two stars in M5 previously studied by Ivans et al. (2001) and Ramírez & Cohen (2003) . The main focus was to observe a large number of stars in M4 and though we were restricted to the brightest giants, we note that the sample spans a considerable range of the known starto-star elemental abundance variations. The smaller sample in M5 is due to the fact that those observations were conducted during other observing programs when primary targets were unavailable. In Table 1 , we list the program stars. The stellar identifications for M4 and M5 are from Lee (1977) and Arp (1962) respectively.
The observations were performed with the Magellan Telescope using the Magellan Inamori Kyocera Echelle spectrograph (MIKE; Bernstein et al. 2003 ) on 2004 June 12-13, July 16, and July 18. A 0.35 ′′ slit was used providing a resolving power of R ≡ λ/∆λ = 55,000 in the red and R = 65,000 in the blue per 4 pixel resolution element with wavelength coverage from 3800Å to 8500Å. The IRAF 2 package of programs was used for most of the data reduction. In order to correct for the fact that the lines are severely tilted with respect to the orders and the tilt varies across the CCD, we used the mtools 3 set of tasks written by Jack Baldwin to extract the spectral orders. In the one-dimensional wavelength-calibrated normalized spectra, the typical signal-to-noise ratio was 70 per pixel at 4050Å (140 per resolution element) and 400 per pixel at 7800Å (800 per resolution element).
Analysis

Stellar parameters and the iron abundance
The required stellar parameters for an abundance analysis are the effective temperature (T eff ), the surface gravity (log g), and the microturbulent velocity (ξ t ). Our analysis techniques closely follow Yong et al. (2006b) in which we determined these values adopting a traditional spectroscopic approach. Using routines in IRAF, we measured the equivalent widths (EWs) for a set of Fe i and Fe ii lines. The set of Fe lines was identical to those used by Yong et al. (2006a) for which the gf -values were taken from Lambert et al. (1996) , Biémont et al. (1991) , Blackwell et al. (1995) and references therein. Model atmospheres were taken from the Kurucz (1993) local thermodynamic equilibrium (LTE) stellar atmosphere grid and we interpolated within the grid when necessary. We used the LTE stellar line analysis program moog (Sneden 1973) to determine abundances for a given line. We adjusted T eff until there was no trend between the abundances from Fe i lines and the lower excitation potential. We adjusted log g until the abundances from Fe i and Fe ii lines were in agreement. We adjusted ξ t until there was no trend between the abundances from Fe i lines and EW. This process was iterated until all three parameters were simultaneously constrained. The final [Fe/H] was the mean from all Fe lines assuming a solar abundance log ǫ(Fe) = 7.50. The stellar parameters are given in Table 1 and we estimate the internal errors to be T eff ± 50 K, log g ± 0.2 dex, and ξ t ± 0.2 km s −1 .
As an additional check on our surface gravities (and analysis techniques), we compared our log g values with the Y 2 isochrones (Demarque et al. 2004) . We adopted the 13 Gyr isochrones with [α/Fe] = +0.3, our spectroscopic T eff , and interpolated between the two closest metallicities z = 0.004 and z = 0.001. We found that our surface gravities were in fair agreement with the Y 2 isochrones, log g spec − log g isochrone = −0.22 ± 0.07 (σ = 0.26).
The stellar parameters are in good agreement with those obtained by Ivans et al. (1999 Ivans et al. ( , 2001 and Ramírez & Cohen (2003) . For the 12 M4 giants, the mean differences (This Study − Ivans et al. (1999) ) are ∆T eff = 71 ± 17 (σ = 58 K), ∆ log g = 0.02 ± 0.05 (σ = 0.17), ∆ξ t = 0.04 ± 0.04 (σ = 0.15 km s −1 ), and ∆[Fe/H] = −0.05 ± 0.01 (σ = 0.05). For the 2 M5 giants, the mean differences (This Study − Ramírez & Cohen (2003) ) are ∆T eff = 20 ± 5 (σ = 7 K), ∆ log g = −0.15 ± 0.15 (σ = 0.21), ∆ξ t = −0.16 ± 0.03 (σ = 0.04 km s −1 ), and ∆[Fe/H] = 0.05 ± 0.02 (σ = 0.03). For M5 IV-81, our T eff is 105 K higher, log g is 0.3 dex higher, ξ t is 0.02 km s −1 lower, and [Fe/H] is 0.12 dex higher than the values determined by Ivans et al. (2001) .
Rubidium abundances
The abundances for Rb were determined via spectrum synthesis of the 7800Å Rb i line (see Figure 1) . For all stars in our sample, this Rb line is blended with a Si i line as well as with weak CN lines and therefore an equivalent width analysis is not possible. Even in the coolest stars, the Rb line is only 10% deep relative to the continuum such that accurate abundances can be derived only from high-resolution, high signal-to-noise ratio spectra. The adopted wavelengths and relative strengths for the isotopic and hyperfine-structure components of Rb were identical to Lambert & Luck (1976) and Tomkin & Lambert (1999) . We assumed a solar isotope ratio 85 Rb/ 87 Rb = 3 and the macroturbulent broadening was fixed by fitting the profile of the nearby 7798Å Ni i line. Synthetic spectra were generated using Moog and the Si and Rb abundances were varied to obtain the best fit to the observed spectrum. Our tests confirmed the finding by Lambert & Luck (1976) that Rb isotope ratios cannot be measured from the 7800Å line due to the hyperfine structure and the small isotopic shift. Not surprisingly, our tests showed that the derived Rb abundances are insensitive to the assumed isotope ratio. In Yong et al. (2006b) , we took the Kurucz et al. (1984) solar atlas and measured an abundance log ǫ(Rb) = 2.58 using a model atmosphere with T eff /log g/ξ t = 5770/4.44/0.85. Our solar Rb abundance is in excellent agreement with the Grevesse & Sauval (1998) value, log ǫ(Rb) = 2.60. The weaker Rb i resonance line near 7947Å is detected but in a region affected by unidentified blends, atmospheric absorption, and fringing. While preliminary analyses suggest that the abundances derived from the 7947Å line are similar to those derived from the 7800Å line (see Yong et al. 2006b for a more detailed comparison), we restrict our analyses to the 7800Å line.
In this study, we included CN molecular lines when fitting the 7800Å Rb line. The CN lines were taken from Kurucz (2006) . While the inclusion of these lines resulted in an improved fit to the local continuum, we note that the Rb abundances were unaffected. Even for the coolest stars in M4 for which the CN line strength was at a maximum, the Rb abundances increased by ≤ 0.02 dex if the CN lines were omitted. For the more metal-poor cluster NGC 6752, we re-analyzed a subset of the Yong et al. (2006b) spectra and found that the Rb abundances were unchanged when CN lines were included in the analysis.
Lead abundances
The abundances for Pb were determined via spectrum synthesis of the 4058Å Pb i line (see Figure 2) . High-resolution, high signal-to-noise ratio spectra are essential for measuring Pb abundances because the region near 4058Å is crowded with molecular lines of CH as well as Mg, Ti, Mn, Fe, and Co atomic lines. Since M4 and M5 are more metal-rich than NGC 6752 and M13, the 4058Å region is more crowded and the uncertainties in the derived Pb abundances are greater. However, we note that our syntheses provide a very good fit to the observed spectra. The macroturbulent broadening was fixed by fitting the profiles of nearby lines. The gf -value of the Pb i line was the same as that used by Aoki et al. (2002) as were the hyperfine-structure and isotopic components. We assumed a solar isotope ratio and our tests confirmed that the derived Pb abundances do not depend upon the assumed isotope ratio. For the solar Pb abundance, we adopted log ǫ(Pb) = 1.95 from Grevesse & Sauval (1998) .
Additional elements
The abundances for O, Na, Mg, Al, Y, Zr, La, and Eu were also measured in the program stars using the same lines as Yong et al. (2005) . Y and Zr were selected since the ratios [Rb/Y] and [Rb/Zr] are sensitive to the neutron density at the site of the s-process. O, Na, Mg, and Al were measured since they are known to vary from star-to-star in these and other globular clusters. Re-measuring these elements in M4 and M5 provides a check to see if our abundance determinations are on the same scale as other investigators. Similarly, the neutron-capture elements La and Eu were measured (hyperfine and/or isotopic splitting was included). When deriving O abundances, we generated synthetic spectra to account for possible blending from CN molecular lines. We assumed C and N abundances interpolated as a function of Na with the C and N abundances taken from Ivans et al. (1999 Ivans et al. ( , 2001 ) and Smith et al. (1997) . A subset of abundance determinations were conducted using spectrum synthesis to account for possible blends. In Table 2 we present the measured elemental abundances for O, Na, Mg, Al, Rb, Y, Zr, La, Eu, and Pb. The adopted solar abundances were 8.69, 6.33, 7.58, 6.47, 2.60, 2.24, 2.60, 1.13, 0.52, and 1.95 respectively. These values are identical to those we used in previous papers and were taken from Grevesse & Sauval (1998) for all elements except O (Allende Prieto et al. 2001) , La (Lawler et al. 2001a) , and Eu (Lawler et al. 2001b) . Table 2 The agreement for Al, La, and Eu is excellent. The largest discrepancy is for O and differences in the adopted solar abundances can account for 0.24 dex leaving a 0.10 dex residual. While both studies use the same O lines and gf values, they employ spectrum synthesis which presumably involves a different set of atomic and molecular lines. A small offset also exists for Na and Mg which could be due to the different set of lines employed. For O, the difference can be attributed to the adopted solar abundance. For the single star also studied by Ivans et al. (2001) , the measured abundances are in good agreement ∆[X/Fe] ≤ 0.07 dex. The difference for La is 0.14 dex (possibly due to the different set of lines) and 0.58 dex for O. The adopted solar abundances can account for 0.24 dex leaving a 0.34 dex residual. Dr I. Ivans kindly sent the synthetic and observed spectra near the 6300Å and 6363Å used to derive O abundances. The difference in the measured O abundances between the two studies is ∆ log ǫ(O) = 0.14 dex. The difference in the measured Fe abundance is 0.12 dex. The remaining 0.08 dex residual may be attributed to differences in the spectrum synthesis analysis.
The adopted line lists and measured equivalent widths are presented in Table 3 . In Table 4 , the abundance dependences on the model parameters are given.
Discussion
The heavy-element canvas
The heavy elements are synthesized by neutron-captures in the s-and the r-process. (We ignore here the nuclides, all of low abundance, referred to as p-nuclides.) In all but material dominated by s-processed products, Eu is a signature element for the r-process. There is evidence from analyses of field stars, especially those severely enriched in r-process products that the relative abundances for the r-process of nuclides from Ba to Eu are invariant with metallicity (e.g., see Cowan & Sneden 2006 ). This invariance does not extend to the ratio of heavy products (i.e., Eu) to light products (i.e., Sr, Y, and Zr). In a solar mix of elements, Ba is taken as a measure of the s-process with but a slight contamination from the r-process (Burris et al. 2000) . The [Ba/Eu] ratio of a star is widely taken to indicate the relative mix of s-to r-processed material. (Brown et al. 1997) . M80 is probably also an outlier at +1.0, but the analyses were based on less than ideal spectra, R=18,000 (Cavallo et al. 2004) .] This range is gathered from examination of the extensive literature; references cited by Gratton et al. (2004) Gratton et al. (2004) , James et al. (2004) , and Pritzl et al. (2005) ).
In summary, globular cluster and field stars appear with remarkably few exceptions and to within measurement errors to have the same [Eu/Fe] ratio. Our measurements of this ratio for M4 and M5 are consistent with previous measurements for these clusters and the common cluster-field star set of data.
The [Y/Fe], [Zr/Fe], [Ba/Fe], and [La/Fe] ratios
Among the few heavy elements in abundance analyses of globular cluster stars from which the s-process contribution may be assessed, Ba is the most widely reported. Other elements for which abundance data are available for several clusters include Y, Zr, and La. The discussed data, as well as less extensive data on other heavy elements, show that the vast majority of the clusters are not distinguishable from field stars by their abundances of Ba and other heavy elements. For a given cluster, there is no compelling evidence for a star-to-star variation correlated with the variations seen among the light elements for many clusters. There are, however, examples of individual cluster stars with s-process enrichments, e.g., the CH stars in M2 and M55 (Smith & Mateo 1990; Briley et al. 1993) , the possible CH star in M22 (McClure & Norris 1977; Vanture & Wallerstein 1992) , a Y-rich star in M13 (Cohen & Meléndez 2005) , and a hint of Zr abundance variations in 47 Tuc (Wylie et al. 2006 ), M5 (Ramírez & Cohen 2003) , and NGC 6752 (Yong et al. 2005) . While M15 exhibits variations of Ba and Eu, these variations are not correlated with the light element abundances and the ratio [Ba/Eu] is constant from star-to-star (Sneden et al. 1997; Otsuki et al. 2006 ).
Rubidium
In M4 the mean Rb abundance is [Rb/Fe] = 0.39 ± 0.02 (σ = 0.07) and in M5 the mean abundance is [Rb/Fe] = 0.00 ± 0.05 (σ = 0.06). As expected, M4 has a higher abundance of Rb than M5. While 50% of the solar Rb abundance can be attributed to the r-process (Burris et al. 2000) , M4 has a slightly lower [Eu/Fe] ratio than does M5 and therefore, it would be difficult to attribute any Rb excess in M4 relative to M5 as being due to a larger rprocess contribution. Neither cluster shows any evidence for a dispersion in Rb abundances. That is, the scatter in the Rb abundances within M4 and M5 is small and can be attributed entirely to the measurement uncertainties. The Rb abundances are not correlated with O or Na (the two elements that exhibit large star-to-star abundance variations).
The Rb abundances of M4 and M5 are compared with the limited data in the literature for other clusters and field stars. In Figure 3 , we compare the [Rb/Fe] abundance ratios with field dwarfs and giants (Gratton & Sneden 1994; Tomkin & Lambert 1999) as well as the globular clusters NGC 3201 (Gonzalez & Wallerstein 1998) , ω Cen (Smith et al. 2000) , and NGC 6752 (Yong et al. 2006b ). M5 has [Rb/Fe] ratios that are essentially identical to ω Cen giants at the same metallicity. [We note that ω Cen is now regarded as the nucleus of an accreted dwarf spheroidal galaxy (Smith et al. 2000) .] These Rb abundances are comparable to the lowest values seen in field stars at the same metallicity. Given that M4 is s-process enriched relative to other globular clusters and field stars, it is puzzling that at the metallicity Figure 5 , we compare the [Rb/Zr] abundance ratio with field dwarfs and giants as well as globular cluster giants. Compared to the ω Cen giants at a similar metallicity, M4 and M5 have [Rb/Zr] ratios 0.4-0.5 dex higher (which may be due to systematic offsets). For M4, the difference arises due to ω Cen having less Rb and more Zr. For M5, the difference results from ω Cen having similar Rb and considerably more Zr.
The similarity in heavy element abundance ratios involving Rb extends to [Rb/La] -see middle panel of Figure 4 . The indication from our analyses is that the relative abundances of Rb to Y, Zr, and La are the same for M5 and NGC 6752 as well as M4, the cluster clearly enriched in s-process elements. This demonstrates that the source of the M4 enrichment is identical to that providing the s-process elements for the natal material for M5 and NGC 6752. The abundance of Rb relative to the other elements is slightly subsolar, i.e., [Rb/Y] = −0.25. There is a well known difference between the spectroscopically determined Rb abundance and that obtained from carbonaceous meteorites: log ǫ(Rb) = 2.60 versus 2.33, respectively (Asplund et al. 2005) . If the meteoritic value is adopted [Rb/Y] and similar ratios are increased by 0.27 dex and rendered indistinguishable from the solar ratios. Then, s-process donors to the natal clouds of the globular clusters and of local stars including the Sun must have been similar.
Lead
In M4 the mean Pb abundance is [Pb/Fe] = 0.30 ± 0.02 (σ = 0.07) and in M5 the mean abundance is [Pb/Fe] = −0.35 ± 0.02 (σ = 0.04). We note that 20% of the solar Pb abundance is attributable to the r-process (Burris et al. 2000) but the [Eu/Fe] ratio is comparable for M4 and M5. Again, since M4 has a lower [Eu/Fe] ratio than M5, the excess Pb in M4 relative to M5 cannot be due to an increased r-process contribution for M4. The excess likely arises from more complete processing down the s-process chain to its termination at Pb. The difference in [Pb/Fe] between M4 and M5 is 0.65 dex. For the other neutron-capture elements synthesized via the s-process, the difference in [X/Fe] between M4 and M5 is typically 0.4 dex. Regarding the scatter in Pb abundances in M4 and M5, we again find that the small dispersion can be entirely explained by the measurement uncertainties. The Pb abundances in M4 and M5 are not correlated with O or Na.
In Figure 6 , we compare the [Pb/Fe] abundance ratios with field stars (Sneden et al. 1998; Travaglio et al. 2001 ) as well as the globular clusters M13 and NGC 6752 (Yong et al. 2006b ). Data on Pb in the field stars is obviously very limited. The one certain data point is for HD 23439A, a star enriched in s-process products (Tomkin & Lambert 1999) , with [Pb/Fe] = +0.6. The other three data points not indicated as upper limits in Figure 6 are marked with the customary ':' by ) and inspection of their published spectra shows that an alternative designation as an upper limit is possibly more appropriate. Our Pb abundance determination for HD 141531 (Yong et al. 2006b ) is consistent with the sub-solar [Pb/Fe] ratios for NGC 6752, M5, and M13. Although more Pb abundances are needed for field stars, we suppose that the Pb abundances of the globular clusters NGC 6752, M5, and M13 and normal field stars are in fair agreement, as found for Rb, Y, Zr, Ba, and other heavy elements.
In the lower panel of Figure 4 , we plot [Rb/Pb] versus [Pb/Fe] for M4, M5, and NGC 6752. Interestingly, the [Rb/Pb] ratios for M4 and NGC 6752 appear similar which again suggests that the source of the s-process enrichment in M4 may be identical to the source of the s-process elements for NGC 6752. However, in this Figure, M5 now appears to be the outlier.
Given the small comparison sample, clearly it would be of great interest to expand the measurements of Pb to larger samples of field stars. The synthetic spectra in this study and in Yong et al. (2006b) indicate that measurements of Pb in cool giants in the range −2.0 ≤ [Fe/H] ≤ −1.0 are feasible.
Consequences for the primordial scenario
Formation of the Galactic and extragalactic globular clusters remains a subject with many unanswered questions (Brodie & Strader 2006) . From the point of view of the quantitative spectroscopist interested in the composition of stars in the Galactic globular clusters, two questions seem preeminent: (i) Why do the cluster and field stars follow the same [X/Fe] versus [Fe/H] relations? (ii) What causes the light element abundance variations first observed among cluster giant stars but now found also in subgiant and main sequence stars?
The simplest answer to question (i) would appear to be that the clusters are formed during episodic mergers in the hierarchical formation of the Galaxy, as discussed by Bekki et al. (2002) and Beasley et al. (2002) . If the gas content of the protocluster is dominated by that from the Galaxy and not the infalling system, the composition of the cluster stars will be very similar to that of the Galactic stars formed just preceding the merger. Gas remaining after star formation in the cluster will be ejected by supernovae from the massive stars. Star formation will be restricted to a single generation of stars, i.e., stars within a given cluster will have the identical metallicity. Indeed the complete composition of all stars will be the same but for changes resulting from stellar evolution and the agents responsible for the star-to-star variations among light element abundances. These agents comprise what is widely referred to as 'the primordial scenario'.
For the majority of the Galactic globular clusters subjected to abundance analysis, the compositions do closely resemble field stars of the cluster's metallicity. This is as expected on the merger hypothesis. M4 is an apparent exception with its overabundance of heavy elements (Y, Zr, Ba, La etc, but not Eu) matched by very few field stars. Some of the field stars with the cluster's degree of overabundance of s-process products are binaries in which the products were transferred to the present star when its companion was an AGB star. There are very few known examples where mass transfer across a binary is not a viable explanation. The case of HD 23439A and B (Tomkin & Lambert 1999 ) would appear to be such a case. HD 23439A shows no sign of radial velocity variation during 14 years of monitoring (Latham et al. 2002) . On the other hand, HD 23439B is a binary but its period and orbital eccentricity do not suggest mass transfer (Latham et al. 2002) .
Other clusters with few counterparts among field stars include Rup 106 and Pal 12. In their case, the Sagittarius dwarf spheroidal galaxy now undergoing destruction by the Galaxy has giants with the peculiar composition of Rup 106 and Pal 12 (Sbordone et al. 2007 ) indicating that they belong to the dwarf spheroidal galaxy. A conjecture is that the cluster M4 was captured from a stellar system in which chemical evolution had led to sprocess enrichment; a change in the IMF might have been immediately responsible. However, consideration of space velocities reveals that M4's orbit is restricted to the inner disk and bulge (apocentric radius, R a = 5.9 kpc) whereas M5's orbit may be more consistent with a capture event, R a = 35.4 kpc (Dinescu et al. 1999) . Given M4's orbit, a comparison of the s-process elements in M4 and comparable metallicity stars of the inner disk and bulge would be of great interest.
In the primordial scenario, the star-to-star abundance variations apart from those attributable to dredge-up in giants arise from the accretion of gas (or contamination of natal clouds) to varying degrees by cluster stars. The accreted gas is assumed to be mass lost from the more massive and now dead stars of the cluster. Proposed candidates include IM-AGBs who experience extensive nucleosynthesis and lose their envelopes at low velocity so that the ejecta reside within the cluster's potential (Cottrell & Da Costa 1981) . Recently, a role for massive stars in polluting the cluster's environment has been proposed (Decressin et al. 2007; Smith 2006; Prantzos & Charbonnel 2006 ). Both M4 and M5 exhibit star-to-star abundance variations for the light elements, as does every well studied Galactic globular cluster. The variations involve O, Na, Mg, and Al, as well as C and N for which there is a component related to dredge-up by giants. For the majority of the analyzed clusters (M4 is an obvious exception), the elemental abundances identified with the unpolluted cluster stars match those of field stars of the same metallicity. Two clusters have been studied for variations among the isotopic ratios of Mg but the normal stars in M13 and NGC 6752 (i.e., cluster stars with high O, high Mg, low Na, low Al and whose O-Al abundances match field stars at the same metallicity) had Mg isotope ratios that exceeded measurements in comparable metallicity field stars (Yong et al. 2003a (Yong et al. ,b, 2006a .
In this study, we extended the elemental abundance measurements of Rb and Pb to the globular clusters M4 and M5. All four clusters that we have studied (M4, M5, M13, and NGC 6752) show light element variations, but constant Rb and Pb abundances within each cluster. Thus, the accreted gas providing the light element variations cannot contain significant amounts (or significant deficiencies) of Rb and Pb. The accreted gas must have the same proportions of Rb and Pb as the ambient material.
The source of the gas may be IM-AGBs that at least qualitatively account for the range of abundance variations. A quantitative test is impossible at present because the predicted yields from metal-poor IM-AGBs may be model dependent Ventura & D'Antona 2005a,b,c) . As far as s-products are concerned which, as we have emphasised, do not show abundance variations, IM-AGBs remain a viable candidate because Lattanzio et al. (2004) and Straniero (2006, private communication) suggest that IM-AGBs will not produce any s-process elements since the mass of the He shell and the duration of the thermal pulse decreases with increasing AGB mass.
Massive stars achieve limited synthesis of s-process products but are held to be the sites of the weak s-process (and the r-process) contributing nuclides from the iron group up to about Rb, Y and Zr (Raiteri et al. 1991) . Predicted yields are such that massive stars could serve to provide the light element abundance variations without leading to predicted variations for Rb, Y, and Zr.
In short, the lack of abundance variations for Rb, Y, Zr and other s-process elements may not exclude either IM-AGBs or massive stars as sources of the accreted pollutants.
Concluding remarks
In this paper we present measurements of the neutron-capture elements Rb and Pb in the globular clusters M4 and M5. While both clusters exhibit star-to-star abundance variations for the light elements, we find that the abundances of Rb and Pb are constant. None of the abundance ratios [Rb/Fe], [Rb/Zr], and [Pb/Fe] are correlated with O or Na abundances. In the primordial scenario, the abundance variations for the light elements are attributed to different levels of accretion of ejecta from IM-AGBs or massive stars. The fact that the heavy elements including Rb and Pb do not show abundance variations implies that the accreted material has the same composition as the ambient material for the heavy elements (i.e., the accreted material cannot be highly underabundant or overabundant in these elements). That the ratios [Rb/X] for X = Y, Zr, La are similar for M4 and M5 suggests that the source of the s-process elements are similar and that M4 had a greater concentration of these products.
There remains a need to pursue additional observational tests of the primordial scenario. In particular, present data on the Rb and Pb abundances in field and cluster stars are sparse. The indication that the Mg isotopic ratios of unpolluted or normal cluster stars differ from those of field stars of the same metallicity deserves closer scrutiny by, in particular, extending the measurement of these isotopic ratios to additional clusters. support from the National Science Foundation through grant AST-0305431 to the University of North Carolina. This research was supported in part by NASA through the American Astronomical Society's Small Research Grant Program. (Yong et al. 2006b ), red squares represent ω Cen (Smith et al. 2000) , blue asterisks are NGC 3201 (Gonzalez & Wallerstein 1998) , and magenta plus signs and upper limits represent field stars from Tomkin & Lambert (1999) and Gratton & Sneden (1994) . A representative error bar is shown. The abundances have been shifted onto the Smith et al. (2000) scale. (Yong et al. 2006b ). The magenta plus signs and upper limits represent field stars from Sneden et al. (1998) and Travaglio et al. (2001) . A representative error bar is shown. a Zr abundances when using the gf values and solar abundance adopted in Yong et al. (2005) .
b Zr abundances when shifted onto the Smith et al. (2000) scale -see Yong et al. (2006b) for details. 
